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Background: We compared differences in physical activity (PA) between pre/mid-pubertal and post-
pubertal participants according to gender.
Methods: The study included a total of 1842 healthy participants aged 12.5e17.4 years, who participated
in the Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) study. Participants wore a
uniaxial accelerometer (ActiGraph© GT1M, Pensacola, FL, USA) attached to their lower back for seven
consecutive days to measure PA. Pubertal status was assessed by physical examination and the popu-
lation was classified as pre/mid-pubertal (Tanner stages 1e3) or post-pubertal (Tanner stages 4e5). PA
was compared between these groups according to gender during the whole week, on school-free days
and on school days, before and after school, and during lessons and recesses.
Results: When comparing the pre/mid-pubertal group with the post-pubertal group, girls’ total PA did
not differ between groups. However, a slight difference was observed in boys, among whom PA on
school-free days showed a difference of 17.6% between the pre/mid-pubertal group and the post-pubertal
group (679 kcounts vs 564 kcounts, respectively; P ¼ 0.0007) and 20% (162 kcount vs 135 kcounts;
P ¼ 0.006) for school recess. There was no difference among girls.
Conclusions: A reduced level of PA in the post-pubertal groups was only observed in boys during non-
organized times such as on school-free days and during school recesses, with a moderate impact on
total PA.
© 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.1. Introduction
Physical activity (PA) is as an important determinant of health and
has been shown to have beneficial effects on body composition,
metabolic markers, physical fitness and mental health [1,2].IC, CIC-P-1403-Inserm-CH&U
ue Eugene Avinee, F - 59000,
ghin).
ument.
for Clinical Nutrition and Metabol
der influences physical activiMoreover, decreasing PA during adolescence increases the risk of
obesity in later years [3]. Despite these observations, population-level
PA is usually below public health recommendations during adoles-
cence [4]. A decrease in PA is generally observed during the transition
from childhood to adolescence [5], and has been acknowledged as a
causal factor behind the current obesity epidemic [6].
The main factors known to influence PA in adolescents are: (i)
individual intrinsic motivation [2,7]; (ii) family factors such as so-
cioeconomic level or parental encouragement [8,9]; and (iii) general
factors such as an urban environment (access to green public parks,
traffic density), natural conditions (seasons, temperature) andism. All rights reserved.
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ever, the causes of a decline in PAduring the transition to adolescence
[7,12], which then tracks from adolescence to adulthood [13], are not
well understood [8]. The analysis of PA changes during the daily cycle
and differences between girls and boys could advance our under-
standing of the PA decline during the transition to adolescence.
The study aim was to compare differences in PA between pre/
mid-pubertal and post-pubertal participants according to gender
during the daily cycle of school days and school-free days.
2. Subjects and methods
2.1. Study design and ethical approvals
Data were collected from the Healthy Lifestyle in Europe by
Nutrition in Adolescence (HELENA study; www.helenastudy.com)
conducted in European adolescents. The aim of the HELENA study
was to obtain a broad range of standardized, reliable, and compa-
rable nutrition- and health-related data from a random sample of
European adolescents aged 12.5e17.5 years. A detailed description
of the HELENA study methodology and sampling has been pub-
lished elsewhere [13,14]. In total, 3528 participants (1844 girls and
1684 boys) meeting the inclusion criteria completed all examina-
tions. The analyses in the present study are based on 1842 healthy
participants aged 12.5e17.4 years from seven European cities: Lille
(France), Spain Zaragoza (Spain), Dortmund (Germany), Pecs
(Hungary), Ghent (Belgium), Roma (Italy) and Athens (Greece).
Data were excluded because of missing accelerometer data
(n ¼ 709), missing school schedules (n ¼ 1504) and missing Tanner
staging information (n ¼ 401).
The study objectives and methodology were explained carefully
to each participant and their both parents. Written informed con-
sent was obtained from all participants. The local ethics committee
for each country approved the HELENA study, and all procedures
were performed in accordance with the ethical standards of the
1975 Helsinki Declaration (as revised in 2008) and the European
Good Clinical Practice Guidelines [15].
2.2. Participant characteristics and physical examinations
Weight was measured in light clothes, without shoes, to the
nearest 0.1 kg using an electronic scale (SECA 871; SECA, Hamburg,
Germany). Height was measured without shoes to the nearest
0.1 cm using a telescopic height-measuring instrument (SECA 225;
SECA). Body mass index (BMI) was calculated using the standard
formula (kg/m2). Nutritional status was defined using the sex
specific cutoff points established by the World Obesity Federation
(formerly the International Obesity Task Force) [16].
Pubertal status was assessed according to Tanner stage, the
standard reference method, during a physical examination by a
well-trained physician [17]. Signs of puberty were scored according
to pubic hair status using the standard pictures of pubic hair
development from the Tanner scale. The degree of pubertal
development was also assessed according to the size of the testes,
scrotum and penis in boys, and according to breast development in
girls using the standard pictures of Tanner and five categories for
both genders. Following Crowley et al. [18], adolescents’ pubertal
status was classified into two groups: pre/mid-pubertal (Tanner
stages 1e3) and post-pubertal (Tanner stages 4e5). We used this
classification because pubertal status correlates with changes in
adolescent hormone levels. Previous studies observed changes in
adolescent personalities using pubertal status as a marker of the
transition and concluded that age was not a good marker [19]. In
this context, pubertal status is the most appropriate marker to
assess adolescent behavioral changes that may influence PA levels.Please cite this article as: Beghin L et al., Gender influences physical activi
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The GT1MMonitor (ActiGraph©, Pensacola, FL, USA) was used to
assess PA in free-living conditions. The process for the use of this
device, data collection and data cleaning has been described pre-
viously [20]. Briefly, a fieldworker researcher at each center
completed workshop training in how to instruct participants in
using the device. The adolescents were instructed to wear the
accelerometer on their lower back on elastic belt and adjustable
buckle during seven consecutive days during their normal daily
routine. They were also instructed to remove the accelerometer
during swimming, showering, bathing and at night.
Data were collected at 15 s an epoch intervals. After downloading
of data, PA levels were converted and expressed as an average PA in
mean counts per minute. Data from 06.00 to 23.00 were analyzed.
Strings of 20 consecutive minutes recording zero counts were clas-
sified as non-wear and excluded from the analysis [21]. Participants
who did not record at least 3 days with a minimum of 8 h of wearing
time per day were excluded from the analyses.
PA was expressed as a cumulative amounts counts or the group
mean (i.e., boys and girls) kcounts over the one-week wearing
period. Next, different periods of time schedule (i.e., school free
days, before school, after school, etc) were compared. Moderate
vigorous physical activity (MVPA) was defined as minutes when PA
was >2000 counts/min [20].
2.4. Adolescent schedule rhythms
A researcher from each center was instructed to complete a
weekly schedule questionnaire to separate school days from
school-free days, and to split the school days into different periods,
including: (i) school days and school-free days; (ii) hours before
and after school; (iii) hours of teaching/lessons; and (iv) before
school recesses and lunch breaks. According to each participant's
rhythm, the school schedule was separated into three periods:
before and after school, during lessons, and during recesses. A
detailed time schedule for each participating school class was
previously described by Vanhelst et al. [22].
2.5. Sedentary behavior
Sedentary behavior was assessed using a structured question-
naire with items about the amount of time habitually spent in front
of the television (TV), computer (PC), or playing video games (VG)
during school days and on school-free days. This included questions
such as: “On weekdays, how many hours do you usually spend
watching television?”, “On weekdays, how many hours do you
usually spend on the computer?”, and “On weekdays, how many
hours do you usually spend playing video games?” The answers
were classified into two categories:<2 h/day1 and2 h/day1. The
10-min questionnaire was administered in the classroom, under
the supervision of an HELENA fieldworker, during the morning
before the PA assessment. This measure has been shown to have a
reliable intraclass correlation (0.82; 95% CI 0.75e0.87) and criterion
validity (0.3) [23].
2.6. Potential confounders
Based on previous studies, we considered the following poten-
tial confounders study.
 City.
 BMI converted to z-scores [24].
 Parental educational level (PEL) (father and mother separately)
collected with a specific questionnaire adapted from thety changes during adolescence: The HELENA study, Clinical Nutrition,
L. Beghin et al. / Clinical Nutrition xxx (xxxx) xxx 3International Standard Classification of Education (ISCED)
(http://www.uis.unesco.org/Library/Documents/isced97-en.
pdf) and scored as described previously [25].
 Smoking status, defined as the regular consumption of at least
one cigarette per day in the past month [26].2.7. Statistics
Data are presented as percentages for qualitative variables, and
as the mean ± standard deviation for quantitative variables. The
normality of distribution was checked graphically and by using the
ShapiroeWilk test. To assess any potential bias linked to missing or
incomplete data on PA or Tanner staging, themain characteristics of
included and excluded participants were compared using Student's
t-test for quantitative variables, a Chi-squared test for categorical
variables and the CochraneArmitage trend test for ordered cate-
gorical variables. To evaluate the magnitude of differences between
included and excluded participants, we calculated the absolute
standardized differences: a standardized difference >20% denotes
meaningful imbalance. All comparisons on the influence of pu-
bertal status on PA change were conducted separately for boys and
girls separately. We first compared the main participants' charac-
teristics and recorded PA time between the two pubertal
status categories; Student's t-test was used for quantitative vari-
ables, the chi-squared test for categorical variables and the
CochraneArmitage trend test for ordered categorical variables.
Next, we investigated the associations between pubertal status
and PA (total counts) and during different periods (school-free
days, school days, before and after school, during lessons and
during recesses) after adjustment on prespecified confounding
factors (namely the Z-score for BMI, PEL, smoking status and study
center). We used linear mixed models including the city as random
effects and other variables as fixed effects; adjusted means of
physical activity (±standard error of the mean, SEM) were calcu-
lated using the least-squares mean approach. Heterogeneities in
associations of pubertal status with PA measures across gender
were tested using formal interaction tests.
All statistical tests were performed with a two-tailed a level of
0.05 except for heterogeneity in which an a level of 0.10 was cho-
sen. Data were analyzed using SAS software version 9.4 (SAS
Institute Inc., Cary, NC, USA).
3. Results
3.1. Study population
Table 1 shows a comparison of the main characteristics of
included participants ‘i.e., with PA and Tanner staging data avail-
able) vs those excluded from statistical analyses. Except for age and
the paternal educational level, we found no meaningful difference
between the included and excluded participants. Table 2 shows the
included participants’ main characteristics and their accelerometer
wearing time according to pubertal status for boys and girls sepa-
rately. Boys and girls at post-pubertal stages were older, heavier,
taller, and more often smokers compared with those at pre/mid-
pubertal stages, and spent more time at school for lessons. The
BMI z-scores did not differ between groups or genders.
3.2. Total physical activity data
After adjustment for the study city, BMI z-score, PEL, and
smoking status, there was no significant difference in total PA
during the whole one-week study between the pre/mid-pubertal
and post-pubertal boys or girls (Fig. 1). However, post-pubertalPlease cite this article as: Beghin L et al., Gender influences physical activi
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pubertal peers (143 kcounts; P ¼ 0.07). Based on time schedule
during school days, post-puberty was associated with a significant
difference (17.6%) in total PA during school-free days only for boys
(adjusted mean total counts: 679 kcounts in pre/mid-puberty vs
564 kcounts in post-puberty; P ¼ 0.0007; Fig. 1). Similarly, post-
puberty was associated with a difference of 20% in total PA dur-
ing recesses for boys (adjusted mean total counts: 162 kcounts in
pre/mid-puberty vs 135 kcounts in post-puberty; P ¼ 0.006). A
significant difference was observed in sedentary behavior. The
percentage of boys who played VG  2 h/day was 33% higher in the
postpubertal group than in the prepubertal group (P¼ 0.02) during
school-free days, whereas there was no difference for TV and PC.
There was no difference between prepubertal vs postpubertal
girls for PA inwholeweek, school free days and any period of school
day.
3.3. Moderate to vigourous physical activity data
The difference of MVPA duration between prepubertal vs post-
pubertal boys was 14.6% (61.0 min vs 52.1 min, respectively;
P ¼ 0.005) for school-free days and 14.9% (7.4 min vs 6.3 min,
respectively; P ¼ 0.038) for school recesses in boys (see Fig. 2).
There was no difference between prepubertal vs postpubertal
group girls for MVPA in whole week, school free days and any
period of school day.
4. Discussion
To our knowledge, this study is the first to investigate the impact
of gender on PA during the transition to adolescence using a
detailed weekly schedule and pubertal status (maturational status)
as a marker of adolescent phase. The use of pubertal status
(maturational status) instead of adolescence (chronological age) is
a better approximation of the changes observed during adoles-
cence. Most previous studies on the impact of this transitional
period on PA have used age rather than pubertal status, and
questionnaires instead of accelerometry for assessing PA, and did
not take the time schedule during school days into consideration
[8].
The PA level observed in the HELENA study was higher in boys
than in girls, as has been previously observed in developing
countries [4,8,27,28]. PA difference between prepubertal vs post-
pubertal during whole week did not reach significance, probably
due to the high variability in PA patterns observed. While there was
no significant difference of PA between prepubertal vs postpubertal
during the whole week, the difference was significant during
school-free days and recesses in boys. This result is consistent with
the difference in PA observed in boys during non-organized times
shown by Dale et al. [29]. A longitudinal by Sallis JF et al., reported
an annual decline in PA of 2.7% for boys and 7.4% for girls
throughout adolescence [30]. However, these studies did not
analyze PA during school days and school-free days separately.
Corder et al. showed changes in PA based on gender, age, and
school-free days/school days [31]. The absence of PA differences
between pubertal stages in girls was probably due to the lack of
sedentary pursuits in girls suggested by Matthews et al. [28].
Concerning MVPA, between the pubertal stages studied, boys
showed a significant difference during school free-days and re-
cesses. MVPA duration between prepubertal vs postpubertal boys
was 17.6% for school free days and 20% for recess.
Girls showed a trend of þ14.9% between prepubertal vs post-
pubertal girls (29.6 min vs 34.0 min, respectively; P ¼ 0.09) for
MVPA during school free days. This suggest that there are changes
in PA patterns among girls during puberty. These changes of PAty changes during adolescence: The HELENA study, Clinical Nutrition,
Table 1







Gender (%boys) 49.7 45.5 0.012 8.5
Age (yr) 14.6 ± 1.2 14.9 ± 1.3 <0.0001 21.3
Height (cm) 165.7 ± 9.2 165.9 ± 9.1 0.47 2.5
Body weight (kg) 58.4 ± 12.3 59.9 ± 13.1 0.0003 12.3
Z-score BMI 0.3 ± 0.9 0.4 ± 0.9 0.86 8.8
Nutritional status (%UW/%NW/%OW/%O)a 6.7/71.6/16.5/5.2 5.4/69.9/18.7/6.0 0.017 8.4
Father education level (%I/%II/%III)b 33.4/28.9/37.7 42.9/26.5/30.6 <0.0001 20.2
Mother education level (%I/%II/%III)b 32.4/31.5/36.1 37.8/31.2/31.0 0.0003 12.7
Smoker (%) 15.5 20.1 0.0005 12.0
a Nutritional status: underweight (UW), normal weight (NW), overweight (OW), obese (O), BMI: body mass index.
b PEL (Parental Education Level): lower education (I); higher secondary education (II); higher education or university degree (III).
Table 2












Age (yr) 13.8 ± 0.93 14.8 ± 1.1 <0.0001 13.8 ± 0.9 15.1 ± 1.1 <0.0001
Height (cm) 159.6 ± 7.1 162.6 ± 6.8 <0.0001 162.4 ± 8.9 173.1 ± 7.6 <0.0001
Body weight (kg) 51.1 ± 10.6 57.0 ± 9.4 <0.0001 54.5 ± 14.4 64.5 ± 12.1 <0.0001
Z-score BMI 0.1 ± 1.0 0.4 ± 0.8 <0.0001 0.3 ± 1.1 0.4 ± 0.9 0.08
Nutritional status (%UW/%NW/%OW/%O)a 12.0/73.2/10.3/4.5 5.7/72.9/18.0/3.4 0.009 10.0/65.4/14.6/10.0 4.2/72.5/18.1/5.2 0.94
Father education level (%I/%II/%III)b 26.5/29.9/43.6 36.9/28.7/34.4 0.003 35.0/27.8/37.2 31.2/29.2/39.6 0.31
Mother education level (%I/%II/%III)b 23.9/35.3/40.8 36.8/29.0/34.2 0.003 33.8/29.5/36.7 29.9/33.8/36.2 0.56
Smoker (%) 5.8 20.3 <0.0001 7.5 17.4 <0.0001
Accelerometer wearing time (min/day)
Whole week 1019.0 ± 0.1 1018.9 ± 1.0 0.26 1019.0 ± 0.3 1019.0 ± 0.5 0.96
School day 1019.0 ± 0.1 1018.9 ± 1.2 0.27 1019.0 ± 0.4 1019.0 ± 0.8 0.97
Before and after school 649.1 ± 79.7 611.6 ± 78.1 <0.0001 646.0 ± 68.1 622.2 ± 77.8 <0.0001
Lessons 305.5 ± 59.5 342.2 ± 58.5 <0.0001 307.2 ± 51.4 333.6 ± 58.5 <0.0001
Recess 65.4 ± 27.5 65.9 ± 30.8 0.83 66.0 ± 26.7 64.0 ± 30.0 0.31
Free-day 1019 ± 0.0 1019 ± 0.1 0.32 1019.0 ± 0.1 1019.0 ± 0.3 0.58
a Nutritional status: underweight (UW), normal weight (NW), overweight (OW), obese (O).
b PEL: lower education (I); higher secondary education (II); higher education or university degree (III).
Fig. 1. Total physical activity (kcounts) differences according to pubertal status stratified by gender. Het: Heterogeneity. a calculated from linear mixed model adjusted for city,
Z-score BMI, parental educational level and smoking. b calculated using pre/mid-puberty as reference group.
L. Beghin et al. / Clinical Nutrition xxx (xxxx) xxx4patterns were not statistically different probably due to the high
variability in PA patterns observed.
This study showed a difference in PA between prepubertal vs
postpubertal group, but only in boys during non-organized times
such as recesses and school-free days. This difference in PAwas not
reversed during school periods, as was shown by Dale et al. [29].
This is probably because PA during school days is more organized.Please cite this article as: Beghin L et al., Gender influences physical activi
https://doi.org/10.1016/j.clnu.2018.12.027In this context, PA during school days is less likely to change. Thus,
this study confirms the crucial role of recesses for PA during school
periods, as they provide good opportunities for PA promotion in all
adolescents [32].
Some limitations of this study should be acknowledged. The
main limitation was the cross-sectional design of the study which
prevented us from describing within-individual PA changety changes during adolescence: The HELENA study, Clinical Nutrition,
Fig. 2. Moderate and vigorous PA (min/day) differences according to pubertal status stratified by gender. acalculated from linear mixed model adjusted for city, Z-score BMI,
parental educational level and smoking. bcalculated using pre/mid-puberty as reference group.
L. Beghin et al. / Clinical Nutrition xxx (xxxx) xxx 5patterns. Another limitationwas the difference in participants’ ages
and paternal education levels between those adolescents whowere
included vs those excluded. The study strengths include the large
sample sizes in seven European cities, the use of standardized
procedures, inclusion of several confounding factors within the
analyses, objective assessment of PA with prolonged wearing time,
and the inclusion of school day schedule analysis.
Understanding the decline in PA during the transition to
adolescence is useful for planning PA interventions. This study
shown difference in PA between prepubertal vs postpubertal boys,
especially less PA in postpubertal boys during non-organized time.
This suggests that prepubertal boys become less active when they
become postpubertal, especially during school-free days. The
finding highlights the importance of emphasizing sports programs
and hobbies that include PA for this population.
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